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(54) SEMICONDUCTOR DEVICE 

(57)Abstract 

PURPOSE: To provide a structure for increasing a driving capacity 
without increasing a transistor region in the structure of a 
semiconductor device and particularly of a channel region of a MOS 
transistor. 

CONSTITUTION: The semiconductor device comprises a 
semiconductor substrate 1, a source region 6 and a drain region 
formed through a channel region 7 on the substrate 1, and a gate 
electrode 5 formed through a gate insulating film 4 on the region 7. 
The upper surface of the region 7 has a rectangular waveform 
shape or a triangular waveform shape along a channel lateral 
direction 10 having recesses and protrusions extended alternately in 
a channel longitudinal direction. The electrode 5 extended in the 
channel lateral direction 10 along the surface of the region 7 having 
a waveform shape in the bottom is arranged on the region 7 through 
the film 4 having a uniform thickness. 
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* NOTICES * 

JPO and MCIPI are not responsible for any 
damages caused by the use of this 
translation. 

l.This document has been translated by 

computer. So the translation may not 

reflect the original precisely. 

2 **** shows the word which can not be 

translated. 

3. In the drawings, any words are not 
translated. 



CLAIMS 



[Claim(s)] 

[Claim l] A semi conductor substrate, the 
source field formed in this semi-conductor 
substrate side by separating a channel 
field, and a drain field, And it has the 
gate electrode prepared through gate 
dielectric film on this channel field. It has 
the wave configuration where the top face 
of this channel field met in the channel 
width direction which has by turns the 
crevice which extends in the direction of 
channel length, and heights. The 
semiconductor device characterized by 
arranging the gate electrode which a base 
accompanies the channel field side of this 
wave configuration, and extends in the 
channel width direction through the gate 
dielectric film of uniform thickness on the 
channel field of this wave configuration. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention 
relates to the structure of a 
semiconductor device, especially the 
structure of the channel field of an MOS 
transistor. 

[0002] Recently, the MOS transistor 
which constitutes this has been sharply 
reduced with high integration of an MOS 
mold semiconductor integrated circuit. 
On the other hand, improvement in the 
drive capacity of an MOS transistor is 
desired with multi-functionalization of a 
semiconductor integrated circuit. Then, 
the need for the large MOS transistor of 
drive capacity is increasing small 
[ component area ]. 
[0003] 

Description of the Prior Art! Drawing 6 
is the mimetic diagram of the 
conventional MOS transistor, and is (a). A 
top view and (b) An A- A view sectional 
view and (c) It is a B B view sectional 
view. 

[0004] In drawing a silicon (Si) substrate 
and 52 51 A transistor field, 53 gate oxide 
and 55 for field oxide and 54 A gate 
electrode, 56S A source field and 56D For 
a drain field and 57, a channel field and 
61 are an interlayer insulation film, 62S, 
and 62D. A contact aperture and 63S are 
source wiring and 63D. Drain wiring and 
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WT Transistor width of face and WC 
Effective channel width and LG Gate 
length is shown. 

[0005] As shown in this drawing, in the 
57th page of a channel field, the 
conventional MOS transistor has a plane, 
and the gate electrode 55 was also formed 
in the shape of a straight line. Therefore, 
a transistor is reduced by high 
integration as mentioned above, and it is 
transistor width of face. When WT 
(effective channel width WC) is reduced, 
the drive current of a transistor decreases 
and it becomes difficult to drive the low 
external load of resistance. 
[0006] Then, in order to heighten the 
drive capacity of an MOS transistor 
conventionally, as shown in the ** type 
top view of drawing 7 (a) Channel width 
expansion structure (it becomes effective 
channel width WC = WC1+WC2 ), (b) 
Gate crookedness structure (effective 
channel width WC ** 

WC1+WC2+WC3+WC4 is approached), 
(c) Juxtaposition gate structure (the field 
inserted into Gate G is made into the 
source field S, both the outsides field of 
Gate G is made into the drain field D, and 
effective channel width becomes WC = 
WClx2 ) etc. was used. 
[0007] 

D?roblem(s) to be Solved by the 
Invention] However, (a) At channel width 
expansion structure, it is channel width. 
WC Width of face of the transistor field of 
a direction WT1 becomes large, (b) It sets 



in gate crookedness structure and he is 
gate length. LG Width of face of the 
transistor field of a direction WT2 
becomes large, moreover, (c) juxtaposition 
gate structure - also setting gate 
length LG Width of face of the transistor 
field of a direction WT2 - large - 
becoming - the above - also when which 
structure was used, the transistor field 
was expanded, and there was a problem 
that improvement in a degree of 
integration was barred. 
[0008] Then, this invention aims at 
offering the structure of the MOS 
transistor which can aim at increase of 
drive capacity, without being 
accompanied by expansion of a transistor 
field. 
[0009] 

[Means for Solving the Problem] The 
source field and drain field which were 
formed by solution of the 
above-mentioned technical problem 
separating a channel field from a 
semi-conductor substrate to this 
semi-conductor substrate side, And it has 
the gate electrode prepared through gate 
dielectric film on this channel field. It has 
wave configurations, such as the shape of 
the square wave configuration where the 
top face of this channel field met in the 
channel width direction which has by 
turns the crevice which extends in the 
direction of channel length, and heights, 
or a triangular waveform. It is attained 
by the semiconductor device by this 



invention by which the gate electrode 
which a base accompanies the channel 
field side of this wave configuration, and 
extends in the channel width direction 
through the gate dielectric film of 
uniform thickness is arranged on the 
channel field of this wave configuration. 
[0010] 

[Function] Drawing 1 is an important 
section sectional view for principle 
explanation of this invention, and, for a 
rectangle-like slot and 9, a V 
character-like slot and 10 are [ the inside 
of drawing, and 1 / a semi-conductor 
substrate, the source with which as for 
field oxide and 4 gate oxide and 5 have in 
a gate electrode, and 6 has / 2 / a 
transistor field and 3 in the inner part of 
the cross section concerned or a drain 
field, and 7 / a channel field and 8 ] the 
channel width direction (the gate 
electrode extension direction) and WT. 
Transistor width of face is shown. 
[0011] One structure of the MOS 
transistor concerning this invention (a) It 
sets. Two or more rectangle-like slots 8 
which intersect perpendicularly in the 
channel width direction 10 (the extension 
direction of the gate electrode 5) are 
established in the channel field 7 of the 
gate electrode 5 lower part. The channel 
field 7 is formed in the square wave 
shaped surface which met in the channel 
width direction 10. The gate oxide 4 of 
uniform thickness is formed in the 7th 
page of the channel field which has this 
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square wave configuration, and extension 
arrangement of the gate electrode 5 with 
which a base accompanies through said 
gate oxide 4 in the 7th page of the 
channel field of a square wave 
configuration on this channel field 7 is 
carried out along the channel width 
direction 10. 

[0012] It sets in this structure and is the 
same transistor width of face. WT It sets 
to the MOS transistor which it has, and is 
effective channel width. WC 1 is the 
channel width of structure conventionally 
in which a channel field has a plane and a 
gate electrode is arranged in the shape of 
a straight line. WC It compares, and as 
shown in one formula, it increases. 
[0013] 

WC '= WC+2Dlxn (l) Dl The 

rectangle -like depth of flute and n will be 
effective channel width, if the number of 
a rectangle -like slot and the width of face 
of the rectangle like slot 8, and the depth 
of the rectangle-like slot 8 are taken 
equally. WC ' is the effective channel 
width of structure conventionally. WC It 
doubles [ about]. 

[0014] Moreover, it sets in other 
structures of the MOS transistor 
concerning this invention. Two or more V 
character-like slots 9 which intersect 
perpendicularly in the extension 
direction of the gate electrode 5 are 
established in the channel field 7. The 
channel field 7 is formed in the triangular 
waveform-like side which met in the 
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channel width direction 10. The gate 
oxide 4 of uniform thickness is formed in 
the 7th page of the channel field which 
has the shape of this triangular 
waveform, and extension arrangement of 
the gate electrode 5 with which a base 
accompanies the 7th page of the channel 
field which has the shape of a triangular 
waveform is carried out along the 
channel width direction 10 through said 
gate oxide 4 on this channel field 7. 
[0015] It sets in this structure and is 
effective channel width. WC " is the 
effective channel width of structure 
conventionally [ said ]. WC It compares, 
and as shown in two formulas, it 
increases. 

wc .. - WC - + x (2B-A) - n - .... 
(-- two --) A V -- a character - ** - a 
slot width of face -■ B ■ V - a character 
** -■■ a slot - one " a side - die length - 
and - this - an approach - **** the 
former efficiency - channel width - - 
WC - 1.5 - twice more than - 
efficiency - channel width - - WC " 
easy - it can obtain . 
[0016] Therefore, according to this 
invention, expansion of large effective 
channel width can be aimed at, without 
expanding transistor width of face to 
neither the channel width direction nor 
the direction of channel length. 
[0017] 

[Example] Below, this invention is 
concretely explained according to the 
manufacture approach. The production 



process top view which drawing 2 
requires for one example of this invention, 
the production process A- A view sectional 
view which drawing 3 similarly applies to 
one example, the production process B-B 
view sectional view which drawing 4 
similarly applies to one example, and 
drawing 5 are the production process 
sectional views concerning other 
examples of this invention. The same 
agreement shows the same object 
through a complete diagram. 
[0018] Drawing 2 (a) Drawing 3 (a) 
Drawing 4 (a) It faces forming the high 
drive capacity MOS transistor which has 
a square wave configuration channel field 
side concerning reference this invention. 
After forming the field oxide 13 which 
demarcates the transistor field 12 by the 
well-known approach on the p mold Si 
substrate 11, with for example, a 
photolithography means to use an 
anisotropy dry etching technique for a 
well-known etching means Die length 
which expected alignment allowances at 
gate length (channel length) to the sense 
which intersects perpendicularly with the 
field in which the gate electrode of said 
transistor field 12 is arranged in the 
extension direction of a gate electrode LI 
It has. In and the channel width direction 
Wl The depth which has width of face Dl 
It is a flute width about two or more 
rectangle-like slots 18. Wl It is equal. PI 
It forms at spacing. Here, a gate electrode 
arrangement side turns into a square 
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wave shaped surface which met in the 
gate electrode extension direction (the 
channel width direction). 
[0019] Drawing 2 (b) Drawing 3 (b) 
Drawing 4 (b) Subsequently gate oxide 14 
is formed by thermal oxidation 3 ** on 
the transistor field 12 which usually 
passes and includes the inside of said 
rectangle-like slot 18. Subsequently, n+ 
which has predetermined width of face 
(gate length LGl) in accordance with the 
train of the rectangle-like slot 18 on the 
square wave shaped surface in which it 
usually passes and said two or more 
rectangle-like slots 18 are formed 
through the process of vapor growth and 
patterning The mold Pori Si gate 
electrode 15 is formed. Here, the base of 
the gate electrode 15 is accompanied and 
formed in a square wave shaped surface 
through gate oxide 14 like illustration. 
[0020] Drawing 2 (c) Drawing 3 (c) 
Drawing 4 (c) Subsequently to a mask, 
the above-mentioned gate electrode 15 is 
carried out 3 **. In the transistor field 12 
The ion implantation of the arsenic (As) 
is carried out with a slanting 
impregnation means, rotating a substrate, 
the transistor field side which includes 
said square wave-like side to this 
transistor field 12 is met, and it is n+ of 
the predetermined depth. Mold source 
field 16S And n+ Mold drain field 16D It 
forms. Here, the lower part of the gate 
electrode 15 becomes the channel field 17 
which has a square wave shaped surface. 



[0021] Drawing 2 (d) Drawing 3 (d) 
Drawing 4 (d) After reference, usually 
pass and an interlayer insulation film 21 
is formed on the above-mentioned 
substrate. It is source field 16S to this 
interlayer insulation film 21. Contact 
aperture 22S to express Drain field 16D 
Contact aperture 22D to express It forms. 
Source wiring 23S and drain wiring 23D 
which consist of aluminum etc. on each 
contact aperture It forms and the high 
drive capacity MOS transistor in which 
the top face concerning this invention has 
the channel field 17 of a square wave 
configuration is completed. 
[0022] in addition, in the configuratioii 
which has the above-mentioned square 
wave configuration channel field, the 
width of face, the depth, and spacing of a 
rectangle-like slot are formed in about 1 
micrometer — having - the depth of the 
source and a drain field for example, -- 
It is formed in about 0.3 micrometers. 
Therefore, in the MOS transistor which 
has this structure, the channel width in 
one pitch which consists of a 
rectangle-like slot and its spacing section 
doubles [ about ] compared with the 
former, and the drive capacity to be twice 
[ about ] many as the MOS transistor 
conventional, in the same monopoly area 
is acquired. 

[0023] Drawing 5 (a) It faces forming the 
high drive capacity MOS transistor which 
has reference and a triangular 
waveform-like channel field side 



concerning this invention, after forming 
the field oxide 13 which has the 100th 
page and which demarcates the 
transistor field 12 by the well-known 
approach, for example on the p mold Si 
substrate 11, according to the usual 
photograph process To the field 
corresponding to the arrangement field of 
said rectangle -like slot, for example, the 
die length corresponding to said rectangle 
slot (LI), Width of face Wl, spacing Pi 
The resist film 25 which has two or more 
puncturing 24 is formed. This resist film 
25 is used as a mask, and it is a 
potassium hydroxide (KOH). Wet etching 
of the anisotropy by the solution is 
performed. It intersects perpendicularly 
with the field corresponding to said 
rectangle-like slot formation field in the 
channel width direction. For example, the 
same die length LI (not shown) as said 
rectangle-like slot and width of face Wl 
The predetermined depth which has and 
is determined at an etching include angle 
D2 It is the same spacing as said 
rectangle -like slot about two or more V 
character-like slots 19 which it has. Pi It 
forms. Here, a gate electrode 
arrangement side turns into a triangular 
waveform-like side which met in the gate 
electrode extension direction (the channel 
width direction). 

[0024] Drawing 5 (b) Gate oxide 14 is 
formed on the transistor field 12 which 
subsequently includes the inside of said V 
character-like slot 19 like said example 3 
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**. Subsequently, n+ which has 
predetermined width of face (gate length 
LGl) in accordance with the train of the 
V character-like slot 19 on the triangular 
waveform-like side in which it usually 
passes and said two or more V 
character-like slots 19 are formed 
through the process of vapor growth and 
patterning The mold Pori Si gate 
electrode 15 is formed. Here, the base of 
the gate electrode 15 is accompanied and 
formed in a triangular waveform-like side 
through gate oxide 14 like illustration. 
[0025] Drawing 5 (c) 3 **, like said 
example, the gate electrode 15 is used as 
a mask, the ion implantation of the 
arsenic (As) is carried out with a slanting 
impregnation means, rotating a substrate 
in the transistor field 12, the 12th page of 
the transistor field which includes said 
triangular waveform-like side to this 
transistor field 12 is met, and, 
subsequently it is n+ of the 
predetermined depth. Mold source field 
16S And n+ which is not illustrated Mold 
drain field 16D It forms. The lower part 
of the gate electrode 15 becomes the 
channel field 17 which has a triangular 
waveform -like side here . 
[0026] And although not illustrated 
henceforth, the high drive capacity MOS 
transistor in which the top face 
concerning this invention has the 17th 
page of a triangular waveform-like 
channel field is completed through the 
same process as said example. 
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[0027] in addition, the configuration 
whose above-mentioned top face has a 
triangular waveform -like channel field - 
setting - the width of face and spacing of 
a V character-like slot - for example, 
about 1 micrometer and the depth it 
forms in 0.7-micrometer (about 1 
micrometer of oblique side length) extent 
-- having - the depth of the source and a 
drain field - for example, - It is formed 
in about 0.3 micrometers. Therefore, it 
compares with the former and the 
channel width in one pitch which consists 
of a V character-like slot and its spacing 
section in the MOS transistor of this 
structure is abbreviation. It increases 1.5 
times and is the abbreviation of the MOS 
transistor conventional in the same 
monopoly area. The drive capacity to be 
1.5 times many as this is acquired. 
[0028] In addition, the wave 
configuration on the top face of a channel 
field concerning this invention is not 
restricted the above-mentioned square 
wave configuration and in the shape of a 
triangular waveform, and the 
effectiveness which heightens drive 
capacity similarly by the shape of a 
curved- surface wave, such as a sinusoidal 
configuration, is acquired. 
[0029] 

[Effect of the Invention] According to this 
invention, the drive capacity can be 
sharply expanded like explanation above, 
without expanding the monopoly area of 
an MOS transistor. 



[0030] Therefore, the place of this 
invention which contributes to 
multifunctional high integration of an 
MOS mold semiconductor integrated 
circuit is large. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 
[Drawing ll The important section 
sectional view for principle explanation of 
this invention 

[Drawing 21 The production process top 
view concerning one example of this 
invention 

[nrfupyin ff jfl The production process A- A 

view sectional view concerning one 

example of this invention 

[Drawing 4l The production process B B 

view sectional view concerning one 

example of this invention 

[Drawing 51 The production process 

sectional view concerning other examples 

of this invention 

[Drawing 61 The mimetic diagram of the 
conventional MOS transistor 
[Drawing 71 Gate structural drawing 
which heightens the drive capacity of the 
conventional MOS transistor 
[Description of Notations] 

1 Semi-conductor Substrate 

2 Transistor Field 

3 Field Oxide 
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4 Gate Oxide 

5 and 5' gate electrode 

6 Source or Drain Field 

7 Channel Field 

8 Rectangle like Slot 

9 V Character-like Slot 



[Translation done.] 
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